ABSTRACT: Drinking water treatment residuals (alum) are waste products of water purification that have potential for environmental remediation as a soil amendment and a potential plant growth medium. In this study, the influence of added Drinking water treatment residuals on the extractability and availability of phosphorus to plants; determination of the agronomic rate of alum to different agricultural soils and evaluation of the alum as ameliorating material for soil conditions and plant growth were investigated. In all studied soils, increasing drinking water treatment residuals rate up to 30 g/kg significantly increased dry matter yield. Application of 10, 20 and 30 g/kg alum significantly increased plant P concentrations in the plant materials (shoots and roots) taken from clay, sandy and calcareous soils. Further increase in alum application rate has resulted in negative significant impact on plants P concentration, especially in clay and calcareous soils, but in sandy soils the increase in phosphorusconcentration extended to 40 g/kg alum rate. Application of alum at rates up to 30 g/kg significantly increased available phosphorus concentrations of the three studied soils. However, application of alum at a rate of 40 g/kg to clay and calcareous soils significantly decreased available phosphorus concentrations. Combined analyses of all soils and alum rates studied clearly indicated significant relationship between available phosphorus concentration and phosphorus uptake (r = 0.87, P < 0.001). Based on our experiment results, the rate of 30 g/kg is considered the best application rate of alum because of its positive effects on plant dry matter. Our study clearly demonstrates that alum has potential as a soil amendment to increase plant growth; however, more research is needed to determine beneficial and / or detrimental aspects of this practice under field conditions.
INTRODUCTION
Aluminum sulphate (alum) is a common chemical, fast and cost effective method for water purification and improving water quality (Klapper, 1991; Barroin, 1999) . Hypolimnetic application of solid alum may reduce phosphorus levels, due to the ability of its hydroxide [Al (OH) 3 ] to adsorb phosphorus at pH of 5. 20-8.80 (Mortell and Motekaitis, 1989) , remove colloidal organic matter and therefore increase water transparency (Francko and Heath, 1981; Jiang and Graham, 1998) even under anoxic conditions. Drinking water treatment residuals (DWTR) are waste products that have potential for environmental remediation as a soil amendment (Makris and Harris, 2005) and a potential plant growth medium (Skene et al., 1995) because its high content of organic matter (0.85 to 6.5 %). Changes in soil water retention have been documented after DWTR land application. Bugbee and Frink (1985) and Rengasamy, et al., (1980) observed soil moisture retention and aeration improvements after DWTR additions. Only a few studies have reported the consequences of land application of DWTR with respect to plant growth and environmental impact. Addition of DWTR at rates as low as 0.89 gk/gresulted in an increase in the growth of maize (Zea mays L.) (Bugbee and Frink, 1985) . Tissue analysis of tomato shoots (Elliott and Singer, 1988) and lettuce (Bugbee and Frink, 1985) grown in potting media amended with DWTR had significantly lower phosphorus levels. Our study objectives were to (i) evaluate the DWTR additions on plant growth; (ii) determine the influence of added DWTR on the extractability and availability of phosphorus to plants; and (iii) determine the agronomic rate of DWTR to different alkaline agricultural soils. (Bloom, et al., 1978) . Selected properties of the three soils are summarized in Table 1 . The DWTR was obtained from the drinking water treatment plant in Kafr El-dawar, El-bohera Governorate, Egypt. The DWTR particles were allowed to air-dry and were subsequently passed through a 1 mm sieve prior to their use in any experiment (Makris and Haris,2005) . The pH of DWTR-water: suspension 1:2.5; salinity: in DWTRwater extract 1:2; cation exchange capacity of DWTR: sodium saturation (Rhoades, 1982) ; organic matter content: dichromate oxidation (Nelson and Sommers, 1982) ; total Al of DWTR: the acid ammonium oxalate method (Ross and Wang, 1993) ;extractable Aluminum: 1M KCl; total metals: according to Ure, (1995); water holding capacity: according to Skene, et al.,(1995) . Selected chemical and physical properties of DWTR are summarized in Table 1 .
Incubation experiment
To ensure amendment-soils equilibria, incubation experiment was conducted. Five DWTR rates (0, 10, 20, 30 and 40 g/kg on an oven dry basis) were applied to each soil (calcareous, sandy and clay soils) and thoroughly mixed. Soil for each treatment was transferred to a large plastic bowl. Two-thirds of the water required to obtain field capacity (F.C) was initially added to the soil with a water dispenser and mixed thoroughly to form a uniform soil-DWTR-water mixture. Treated soil mixture were then transferred to a plastic pot (2 kg/pot) and brought to field capacity. The Moisture content of the treated soil mixture was kept constant during incubation by calculating the field capacity and periodically weighing the pots and adding deionized water to compensate for evaporative loss. Pots were covered with perforated plastic cover and incubated at 25 o C for 60 days.
